Paleoclimate fluctuations critically affect paleoecological systems and influence mammal 16 populations, even resulting in population differentiation [1]. Historical effective population 17 size (Ne) can reflect these influences [2, 3]. Dozens of recent studies have investigated 18 the relationship between variations in Ne values of one or a small number of mammalian 19 species, inferred from genomic data, and fluctuations in paleoclimate [4][5][6][7]. However, 20 there lacks an integrated and comprehensive study on the relationship between the 21 fluctuations in paleoclimate and variations in Ne values inferred from genome sequencing 22 facilitated contemporaneous animal population fluctuations in the paleoecological system 35 is showed by our Ne curve analysis. 36 37 Keywords: PSMC, mammal Ne, PCA, MPT 38 RESULTS AND DISCUSSION 40 41 Effective population size of mammals during the Pleistocene 42 By utilizing the nonuniform distribution of single nucleotide variants (SNVs) in the genome, 43 the Pairwise Sequentially Markovian Coalescent (PSMC) method can reconstruct the 44 historical effective population size (Ne) from any single individual of the population [4]. In 45 this work, we applied the PSMC method to obtain the Ne curves of 35 mammal species in 46
data of a wide range of mammals. To investigate patterns in mammalian Ne values during 23 the the Pleistocene, we gathered whole genome sequencing data of 60 mammals from 24 35 species distributed across Afro-Eurasia and the Americas, then inferred their Ne 25 curves using the Pairwise Sequentially Markovian Coalescent (PSMC) method; 30 26 mammalian Ne curves almost simultaneously started to contract at the turning point of the 27 Middle Pleistocene Transition (MPT); then the population of seven mammals started to 28 expand at the turning point of the Middle Brunhes Event (MBE), while the contraction of 29 other mammals' populations was prolonged to the later different time periods. Eight 30 mammals experienced a severe population contraction around the Last Glaciation 31
Maximum, as some aves did [8] , while four potential ruminant beneficiaries showed an 32 expanding population. Sus scrofa and Bos taurus experienced an internal population 33 differentiation in the MPT. To conclude, the phenomenon that critical paleoclimate events 34 data span the whole Pleistocene, yielding us that were sufficient to conduct the 48 subsequent analysis. 49 50
Climates contributed to the mammal Ne curves 51
Ne fluctuation could result from a combined effect of genetics, climate, locations, or other 52 factors [8] . To understand the degree that climate contributed to the Ne curves, we 53 extracted the principal components (PCs) from 60 Ne curves by the principal component 54 analysis (PCA). PC1 and PC2 contributed variance ratios of 0.508 and 0.273, 55 respectively ( Figure 1A ). PC1 accounts for most of the variance; however, after 56 hierarchical clustering, no signals could be detected to support that PC1 is correlated with 57 genetic background ( Figure S2 ). This finding could suggest that the complex 58 paleoclimate impact on the mammals. We clustered these mammals hierarchically with 59 roxellana, Rhinopithecus strykeri, Ursus arctos, Ursus maritimus, Pan troglodytes verus 80 and Gorilla gorilla diehli; and ten Ne curves displayed a bottleneck, including Homo and 81 five species from Equus. Accordingly, we categorized the mammals into three classes 82 (Table S1) : MPT Maxima Class, MPT Minima Class, and MPT Neutral Class (mammals 83 whose Ne curves are without the first extremum in the MPT class). 84
The contraction of the MPT Maxima Class around 0.97±0.021 mya may result from 85 the Jaramillo geomagnetic reversal (1.07 mya~0.99 mya) [10] or changes in solar 86 insolation after the coeval δ 13 Cmax-III event of 1.0~0.95 mya (Marine isotope stage (MIS) 87 29-25) [11, 12] in the Palearctic, according to the fossil database ( Figure S3A , B, D, E, K and L). 95 Therefore, the population peak of the MPT Maxima Class in the MPT Cluster suggests 96 that the ancient populations of MP mammals in the Palearctic could have experienced 97 severe contractions around the turning point of the MPT. 98
The MPT Maxima Class population started to contract from the MPT Cluster center, 99
and their first bottlenecks after that are distributed in five clusters ( Figure 3A Rhinopithecus strykeri, reached the first bottleneck until 0.04±0.004 mya (the most recent 118 cluster center). These mammal populations contracted almost simultaneously but started 119 to expand at different time period. 120
Climate conditions could prompt mammal population migration and differentiation. 121
As a result, the population of migrated mammals may have started to expand, while 122 mammals that did not migrate sustained contraction. In the MPT Maxima Class, the 123 mammals that experienced the MBE Bottleneck likely lived in low latitude regions, and 124 those that experienced the MRI Bottleneck usually resided at relatively high latitudes with 125 the exception of Bos and Sus scrofa, which will be elaborated in the following section. 126
However, there was no obvious association between population fluctuations and habitats 127 of the mammals that experienced the MGR and EI bottlenecks. The fact that mammals in 128 the MPT Maxima Class spread in different latitudes, adapted themselves to different 129 environments and developed different habits, but shared five asynchronous expansion 130 times, could result from combined factors of environment in different latitudes and the 131 capacity for mammalian adaptations. 132
We also noticed that ten mammals of the MPT Neutral Class ( Figure 3C ) reached 133 a bottleneck while three of them reached a peak, at 0.67±0.030 mya, or the end of the 134 MPT. At that time, the planet held a high ice volume but was relatively warm [24, 27] Sus scrofa belongs to the MPT Maxima Class (Table S1) ; thereafter, the 146 population of European Sus scrofa experienced a prolonged contraction until the MBE 147
Bottleneck, while the population of Asian Sus scrofa continued contracting until the MRG 148 Bottleneck ( Figure 4A ). The middle Pleistocene fossils of Asian Sus scrofa were only 149 distributed in relatively low latitude areas in Asia ( Figure S3L ). We also noticed that some 150 We noticed that for all the Bos individuals, their ancestral populations peaked at 171 the MPT Maxima Class as Sus did, while they experienced their subsequent bottlenecks 172 at different clusters ( Figure 3A ). The first population bottleneck of African Bos indicus and 173 one African Bos taurus located in the MBE bottleneck while Eurasian Bos taurus reached 174 the first bottleneck at later different cluster ( Figure 4B ), this phenomenon indicates that 175 the differentiation of the Bos taurus population occurred prior to the MBE bottleneck. 176
Since 92% mammals from MPT Maxima class are Palearctic mammals or Indomalayan 177 mammals exclude African Bos, the potential Bos population could originate in Palearctic. 178
The first Bos fossil in Ethiopia originated in ~0.6 mya, indicating a migration of Bos [36] . 179 which is also consistent with our estimated Bos taurus differentiation event, and because 180 of their potential ancestral population originated in the Palearctic, we could infer that their 181 migration direction is from Eurasia to Africa. Consequently, the harsh MPT period could 182 also result in the migration and differentiation of Bos taurus. 183 184
The fluctuation of mammal Ne in the Late Pleistocene (LP) period 185
The Ne curves of many mammals fluctuated during the LP period. Around the time of the 186
LGM and Younger Dryas Event (YDE) (12.6~11.6 kya) [28, 29] Hence, there could be other factors contributing to these two events. Therefore, humans could be related to the expansion of the Canis lupus familiaris 212 ancestral population. In the last glaciation, Homo sapiens started to spread across the 213 world from Africa with brilliant hunting ability in ~60 kya [45] . Encountering these clever 214 hunters, megafauna seldom understood how to survive. Many mammal Ne decline events 215 also happened after Homo sapiens spread, according to our results ( Figure S4A ). The 216
Homo sapiens spreading and occupancies agree with the time and trace for the extinction 217 of mammoths [37, 46, 47] . This hints that Homo sapiens could have played an essential 218 curves. Furthermore, the analysis of these mammal Ne curves reveals preliminary 233 impacts of climate fluctuations on the biosphere. In addition, the mammal Ne decline 234 events in harsh stages alert us to pay attention to the dangers that could be caused by 235 dramatic climate change in the future. 236
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SOAPnuke: a mapreduce acceleration supported software for integrated quality control and 406 preprocessing of high-throughput sequencing data. GigaScience 7, 1-6. Table S1 . 421 Table S1 . 423 recorded. Mammalian place of origin was regarded as the location if a sample was 441 collected from the zoo; domestication location was taken to be the location if it was 442 assured; and when it was ambiguous, sampling location was regarded as the location. 443
For each of the remaining samples without location recorded, we researched the species 444 distribution in the world and then chose a representative place as the location. Our 445 mammals were distributed among 15 genera, and their fossil records were found in 446 http://fossilworks.org/ except for Pan and Gorilla. Those fossils originated in the Calabrian 447
(1.8-0.781 mya), middle Pleistocene (0.781-0.126 mya) or late Pleistocene (0.126-0.0117 448 mya). Mammal location and fossil data distribution were plotted using QGIS ( Figure S1  449 and Figure S3 ). 450
Ne curve generation 464
The historical Ne curve of mammals was inferred by PSMC based on genome data [4] . A 465 PSMC-based consensus genome sequence was obtained by using 'mpileup' in 466 SAMTOOLS. When the RMS (root-mean-squared) quality of reads was below 20, their 467 covered sites were marked N for missing data. The sites whose read depths were less 468 than a third or more than twice the average depth across the genome were masked to 469 avoid collapsed regions in the assembly. When we ran PSMC, the upper limit of TRMCA 470 was set to 15, the initial θ/ρ value was set to 5 and time interval was set to 471 '1*4+25*2+1*4+1*6' as Li and Durbin [4] did. The mutation rate and generation time we 472 applied are in Table S3 . The genome coverage depth, coverage ratio, and false-negative 473 ratio are in Table S2 . For statistical analysis of these Ne curves see sections below. 474 475 QUANTIFICATION AND STATISTICAL ANALYSIS 476 477
PC analysis and hierarchical clustering 478
PCA was used to identify the principal components of Ne curves. Every Ne curve contains 479 58 points. We standardized these data to unit standard deviation and centralized these 480 points approximately 0, then extracted their principal components to conduct hierarchical 481 clustering. The distance matrix between samples was calculated from Euclidean distance 482 and distance between two clusters was calculated by the UPGMA (unweighted pair group 483 method with arithmetic mean) method. 484
Ne curve extrema analysis 485
To obtain the extrema of every curve, we marked increasing trends as '1' and decreasing 486 trends as '-1' in curves, then the latter trend number was used to subtract the former trend 487 number to obtain the extrema. '-2' and '2' represent crest and trough, respectively. To 488 verify whether these extrema are distributed randomly, we compared these extrema with 489 a uniform distribution to obtain Hopkins statistics. After obtaining a clustering trend, these 490 extrema were clustered by the K-means method to get a pattern. Then we used this 491 pattern to predict every curve extrema into seven clusters by removing those neglectable 492 extrema (difference within 0.1). 493
494
DATA AND SOFTWARE AVAILABILITY 495
Ne curve analysis code is available from https://github.com/Solenyalyl/Ne-curve-analysis. 496 Table S1 . Ne curve extrema seven clusters (related to Figure 2,3 ) 499   Table S2 . coverage depth, coverage ratio, and false-negative ratio of 60 mammal 500 genomes(related to Figure 1-4 ) 501
